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Description 

[0001] The present invention relates to a lithographic 
projection apparatus comprising: 

a radiation system for providing a first projection 
beam of radiation; 

first programmable patterning means for patterning 
the first projection beam according to a first desired 
pattern; 

a substrate table for holding a substrate; 
a projection system for projecting the first patterned 
projection beam onto a target portion of the sub- 
strate. 

[0002] The term "programmable patterning means*' 
as here employed should be broadly interpreted as re- 
ferring to means that can be used to endow an incoming 
radiation beam with a patterned cross-section, corre- 
sponding to a pattern that is to be created in a target 
portion of the substrate; the terms "light valve" and "Spa- 
tial Light Modulator" (SLM) can also be used in this con- 
text. Generally, the said pattern will correspond to a par- 
ticular functional layer in a device being created in the 
target portion, such as an integrated circuit or other de- 
vice (see below). Examples of such patterning means 
include: 

A programmable mirror array. One example of such 
a device is a matrix-addressable surface having a 
viscoelastic control layer and a reflective surface. 
The basic principle behind such an apparatus is that 
(for example) addressed areas of the reflective sur- 
face reflect incident light as diffracted light, whereas 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filter, the said un- 
diffracted light can be filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to 
the addressing pattern of the matrix-addressable 
surface. An alternative embodiment of a program- 
mable mirror array employs a matrix arrangement 
of tiny mirrors, each of which can be individually tilt- 
ed about an axis by applying a suitable localized 
electric field, or by employing piezoelectric actua- 
tion means. Once again, the mirrors are matrix-ad- 
dressable, such that addressed mirrors will reflect 
an incoming radiation beam in a different direction 
to unaddressed mirrors; in this manner, the reflect- 
ed beam is patterned according to the addressing 
pattern of the matrix -addressable mirrors. The re- 
quired matrix addressing can be performed using 
suitable electronic means. In both of the situations 
described hereabove, the programmable pattern- 
ing means can comprise one or more programma- 
ble mirror arrays. More information on mirror arrays 
as here referred to can be gleaned, for example, 
from United States Patents US 5,296,891 and US 



5,523,193, and PCT patent applications WO 
98/38597 and WO 98/33096, which are incorporat- 
ed herein by reference. In the case of a program- 
mable mirror array, the said support structure may 

5 be embodied as a frame or table, for example, 

which may be fixed or movable as required. 
A programmable LCD array. An example of such a 
construction is given in United States Patent US 
5,229,872, which is incorporated herein by refer- 

10 ence. As above, the support structure in this case 
may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 

[0003] For purposes of simplicity, the rest of this text 

*5 may, at certain locations, specifically direct itself to ex- 
amples involving a mask and mask table; however, the 
general principles discussed in such instances should 
be seen in the broader context of the programmable pat- 
terning means as hereabove set forth. 

20 [0004] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the programmable patterning 
means may generate a circuit pattern corresponding to 
an individual layer of the IC, and this pattern can be im- 

25 aged onto a target portion (e.g. comprising one or more 
dies) on a substrate (silicon wafer) that has been coated 
with a layer of radiation-sensitive material (resist). In 
general, a single wafer will contain a whole network of 
adjacent target portions that are successively irradiated 

30 via the projection system, one at a time. In current ap- 
paratus, employing patterning by a mask on a mask ta- 
ble, a distinction can be made between two different 
types of machine. In one type of lithographic projection 
apparatus, each target portion is irradiated by exposing 

35 the entire mask pattern onto the target portion in one go; 
such an apparatus is commonly referred to as a wafer 
stepper. In an alternative apparatus — commonly re- 
ferred to as a step-and-scan apparatus — each target 
portion is irradiated by progressively scanning the mask 

40 pattern under the projection beam in a given reference 
direction (the "scanning" direction) while synchronously 
scanning the substrate table parallel or anti-parallel to 
this direction; since, in general, the projection system 
will have a magnification factor M (generally < 1), the 

45 speed V at which the substrate table is scanned will be 
a factor M times that at which the masktable is scanned. 
More information with regard to lithographic devices as 
here described can be gleaned, for example, from US 
6,046,792, incorporated herein by reference. 

so [0005] In a manufacturing process using a lithograph- 
ic projection apparatus, a pattern (e.g. in a mask) is im- 
aged onto a substrate that is at least partially covered 
by a layer of radiation-sensitive material (resist). Prior 
to this imaging step, the substrate may undergo various 

55 procedures, such as priming, resist coating and a soft 
bake. After exposure, the substrate may be subjected 
to other procedures, such as a post-exposure bake 
(PEB), development, a hard bake and measurement/in- 
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spection of the imaged features. This array of proce- 
dures is used as a basis to pattern an individual layer of 
a device, e.g. an IC. Such a patterned layer may then 
undergo various processes such as etching, ion-implan- 
tation (doping), metallization, oxidation, chemo-me- 
chanical polishing, etc., all intended to finish off an indi- 
vidual layer. If several layers are required, then the 
whole procedure, or a variant thereof, will have to be 
repeated for each new layer. Eventually, an array of de- 
vices will be present on the substrate (wafer). These de- 
vices are then separated from one another by a tech- 
nique such as dicing or sawing, whence the individual 
devices can be mounted on a carrier, connected to pins, 
etc. Further information regarding such processes can 
be obtained, for example, from the book "Microchip Fab- 
rication: A Practical Guide to Semiconductor Process- 
ing", Third Edition, by Peter van Zant, McGraw Hill Pub- 
lishing Co., 1997, ISBN 0-07-067250-4, incorporated 
herein by reference. 

[0006] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, and catadioptric sys- 
tems, for example. The radiation system may also in- 
clude components operating according to any of these 
design types for directing, shaping or controlling the pro- 
jection beam of radiation, and such components may 
also be referred to below, collectively or singularly, as a 
"lens". Further, the lithographic apparatus may be of a 
type having two or more substrate tables (and/or two or 
more mask tables). In such "multiple stage" devices the 
additional tables may be used in parallel, or preparatory 
steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. 
Dual stage lithographic apparatus are described, for ex- 
ample, in US 5,969,441 and WO 98/40791 , incorporat- 
ed herein by reference. 

[0007] At present imaging apparatus as specified in 
the opening paragraph is currently employed to make 
mask writing machines, e.g. by the firm Micronicin Swe- 
den. Such a mask can be used in a lithographic projec- 
tion apparatus, which repetitively images the mask pat- 
tern onto a photo-sensitive substrate - such as a pho- 
toresist-coated silicon wafer - as part of the broader 
manufacturing process involved in producing integrated 
devices, such as integrated circuits (Ics). The substrate 
in such a mask writing machine is, for example, a met- 
allized plate (e.g. a Cr-coated quartz or CaF 2 plate) that 
has been coated with a layer of photoresist. The idea 
behind such a mask writing machine is that an electronic 
file of the (highly complex) mask pattern is used to ma- 
trix-address the patterning means, which then divert a 
patterned radiation beam onto a small portion of the 
mask plate. By changing the pattern in the patterned 
beam in accordance with the electronic file, and concur- 
rently moving the beam over the whole surface of the 
mask plate (in either a scanning or a stepping motion), 



the final mask pattern is built up as a sum of combined 
Quxtaposed) sub-patterns from the patterned beam. For 
this reason, such a machine is sometimes referred to as 
a "direct-write" machine. 

5 [0008] Although machines as described in the previ- 
ous paragraph have heretofore been used only in the 
manufacture of masks, it is - at least in principle - pos- 
sible to use them in the manufacture of semiconductor 
and other integrated devices. In such a case, the mask 

10 plate would be replaced by, for example, a Si wafer, and 
the pattern built up on the wafer by the patterning means 
would correspond to an array of die patterns. However, 
a major drawback of such an application would be its 
very low throughput: whereas current direct-write ma- 
ts chines might be expected to achieve a throughput of the 
order of one substrate per day, a state-of-the-art litho- 
graphic projection apparatus has a throughput of the or- 
der of 100 substrates per hour. Nevertheless, it might 
still be interesting to pursue such an application: for ex- 

20 ample, in the case of a foundry making a small batch of 
a particular integrated device (such as a dedicated 
ASIC), it might be more attractive to endure a slow di- 
rect-write process as delivered by a machine as de- 
scribed above rather than to entail the very high costs 

25 (often of the order of 50-1000 US dollars) of making a 
special mask for the batch in question. At the moment, 
such a choice might only be attractive in the case of a 
very small batch of a very expensive device; however, 
it would become much more attractive if the throughput 

30 of direct-write machines could be increased. More infor- 
mation with regard to conventional lithographic appara- 
tus as here described can be gleaned, for example, from 
US 6,046,792, incorporated herein by reference. 
[0009] In direct-write machines such as the herea- 

35 bove referred to, it is desirable not only to produce pat- 
terns having black and white shades (binary patterns), 
but also to allow the creation of intermediate gray 
shades (grayscaling). In prior art machines, such gray- 
scaling can be achieved in different manners. For ex- 

40 ample, in a Programmable Mirror Array (PMA) employ- 
ing tiltable mirrors, each mirror (pixel) can be embodied 
to allow intermediate tilts (either continuously or dis- 
cretely) between the zero-tilt and full-tilt extremes. Sim- 
ilarly, in a PMA employing mirrors that translate up and 

45 down in a piston-like fashion - causing phase shifts in 
coherent light reflected from those mirrors - each mirror 
can be embodied to allow intermediate translations 
short of the full amplitude, thus allowing phase-shifts at 
values between 0 and ?. However, a disadvantage of 

50 these prior-art methods is that they require relatively 
complicated actuation means to move each mirror; as a 
result, they tend to be relatively slow in their operation, 
which entails a throughput penalty. Moreover, the man- 
ufacture of such actuation means is relatively difficult, 

55 and can often only be done with a relatively low yield, 
thus increasing manufacturing costs. 
[0010] It is an object of the present invention to alle- 
viate these problems. More specifically, it is an object of 
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the present invention to provide an apparatus as de- 
scribe in the opening paragraph, which apparatus is ca- 
pable of performing grayscaling with a relatively high 
throughput and which can be manufactured with a rela- 
tively high yield. 

[0011] This and other objects are achieved according 
to the invention in a lithographic apparatus as specified 
in the opening paragraph, characterized in that said ap- 
paratus further comprises second programmable pat- 
terning means for patterning a second projection beam 
provided by the radiation system according to a second 
desired pattern; 

said projection system projects the second pat- 
terned projection beam onto said target portion of the 
substrate; and 

the intensities of the first and second patterned 
projection beams are different. 

[001 2] This is advantageous since the apparatus can 
project a grayscale pattern onto the substrate instanta- 
neously. By using different intensities for each patterned 
projection beam, the number of grayscales attainable 
for a given number of patterned projection means is larg- 
er. Use of a greater number of programmable patterning 
means producing patterned projection beams, prefera- 
bly each with yet further differing intensities, provides a 
greater number of grayscales. 

[0013] A beam splitter may be used to split the pro- 
jection beam from the radiation source into the required 
number of projection beams for illuminating the pro- 
grammable patterning means. The beam splitters may 
be arranged such that they illuminate the patterning 
means with projection beams of different intensities. 
Such a scheme inherently produces patterned projec- 
tion beams with different intensities without necessarily 
reducing the overall intensity of the beam projected onto 
the substrate. 

[001 4] Alternatively, variable attenuators may be pro- 
vided to reduce the intensity of the patterned projection 
beams projected onto the substrate. These may, for ex- 
ample, be placed to reducethe intensity of the projection 
beams that are incident on the patterning means and/or 
may be located in the beam path of the patterned pro- 
jection beams to directly reduce the intensity of the pat- 
terned projection beams. The complexity of the radiation 
system may therefore be reduced. 
[001 5] A further means of varying the intensity of the 
patterned projection beams may be provided by the use 
of two or more separate radiation sources, producing 
projection beams with different intensities. 
[001 6] Depending on circumstance, it may be desira- 
ble to combine each of the patterned projection beams 
into a single patterned projection beam that is projected 
onto thetargetportion of the substrate. Advantageously, 
this requires only a single projection system, thus keep- 
ing the apparatus costs to a minimum. Alternatively, 
each patterned projection system may be independently 
projected onto the target portion of the substrate, obvi- 
ating the requirement for a means of combining the pat- 



terned projection beams. 

[0017] In addition to producing grayscales by simul- 
taneously projecting a plurality of patterns onto the tar- 
get portion of the substrate, one or more of the program- 

5 mable patterning means may be used to pattern the pro- 
jection beam for additional exposures that are projected 
onto the same target portion of the substrate. By such 
means further grayscales can be provided without the 
number of programmable patterning means becoming 

10 excessively large. 

[0018] According to a further aspect of the invention 
there is provided: 

a device manufacturing method comprising the 
15 steps of: 

providing a substrate that is at least partially 
covered by a layer of radiation sensitive mate- 
rial; 

20 - providing a first projection beam of radiation us- 
ing a radiation system; 

using first programmable patterning means to 
endow the first projection beam with a first pat- 
tern in its cross-section; 
25 - projecting the first patterned projection beam of 

radiation onto a target portion of the layer of ra- 
diation-sensitive material, 

characterized by 

30 

providing a second projection beam of radia- 
tion; 

providing second programmable patterning 
means to endow the second projection beam 
35 with a second pattern in its cross -sect ion; and 

projecting the second patterned projection 
beam of radiation onto said target portion of the 
layer of radiation sensitive material; 

40 wherein said first and second patterned projection 
beams have different intensities. 

[0019] Although specific reference may be made in 
this text to the use of the apparatus according to the 

45 invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 

so ories, liquid -crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general terms 

55 "mask", "substrate" and "target portion", respectively. 
[0020] In the present document, the terms "radiation" 
and "beam" are used to encompass all types of electro- 
magnetic radiation, including ultraviolet radiation (e.g. 
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with a wavelength of 365, 248, 1 93, 1 57 or 1 26 nm) and 
EUV (extreme ultra-violet radiation, e.g. having a wave- 
length in the range 5-20 nm), as well as particle beams, 
such as ion beams or electron beams. 
[0021] Embodiments of the invention will now be de- 5 
scribed, by way of example only, with reference to the 
accompanying schematic drawings in which: 

Figure 1 depicts a lithographic projection apparatus 
according to an embodiment of the invention; 
Figure 2 depicts part of an imaging apparatus ac- 
cording to a particular embodiment of the invention; 
Figure 3 illustrates the grayscaling principle em- 
ployed by the invention; and 
Figure 4 depicts part of an imaging apparatus ac- 
cording to another embodiment of the invention. 

[0022] In the Figures, corresponding reference sym- 
bols indicate corresponding parts. 

Embodiment 1 

[0023] Figure 1 schematically depicts a lithographic 
projection apparatus according to a particular embodi- 
ment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection 
beam PB of radiation (e.g. UV radiation), which in 
this particular case also comprises a radiation 
source LA; 

a first object table (mask table) MT provided with a 
mask holder for holding a programmable patterning 
means MA (e.g. an SLM), and connected to first po- 
sitioning means for accurately positioning the pro- 
grammable patterning means with respect to item 
PL; 

a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W (e. 
g. a resist-coated silicon wafer), and connected to 
second positioning means for accurately position- 
ing the substrate with respect to item PL; 
a projection system ("lens") PL (e.g. a refractive mir- 
ror group) for imaging an irradiated portion of the 
programmable patterning means MA onto a target 
portion C (e.g. comprising one or more dies) of the 
substrate W. 

[0024] As here depicted, the apparatus is of a reflec- 
tive type (e.g. has a reflective programmable patterning 
means). However, in general, it may also be of a trans- 
missive type, for example (e.g. with a transmissive pro- 
grammable patterning means). Alternatively, the appa- 
ratus may employ another kind of patterning means, 
such as a programmable LCD array of a type as referred 
to above. 

[0025] The source LA (e g. an excimer laser) produc- 
es a beam of radiation. This beam is fed into an illumi- 
nation system (illuminator) IL, either directly or after hav- 



ing traversed conditioning means, such as a beam ex- 
pander Ex, for example. The illuminator IL may com- 
prise adjusting means AM for setting the outer and/or 
inner radial extent (commonly referred to as ? -outer 
and ? -inner, respectively) of the intensity distribution in 
the beam. In addition, it will generally comprise various 
other components, such as an integrator IN and a con- 
denser CO. In this way, the beam PB impinging on the 
programmable patterning means MA has a desired uni- 
formity and intensity distribution in its cross-section. 
[0026] It should be noted with regard to Figure 1 that 
the source LA may be within the housing of the litho- 
graphic projection apparatus (as is often the case when 
the source LA is a mercury lamp, for example), but that 
it may also be remote from the lithographic projection 
apparatus, the radiation beam which it produces being 
led into the apparatus (e.g. with the aid of suitable di- 
recting mirrors); this latter scenario is often the case 
when the source LA is an excimer laser. The current in- 
vention and Claims encompass both of these scenarios. 
[0027] The beam PB subsequently intercepts the pro- 
grammable patterning means MA, which is held on a 
mask table MT Having been reflected by the program- 
mable patterning means MA, the beam PB passes 
through the lens PL, which focuses the beam PB onto 
a target portion C of the substrate W. With the aid of the 
second positioning means (and interferometric measur- 
ing means IF), the substrate table WT can be moved 
accurately, e.g. so as to position different target portions 
C in the path of the beam PB. Similarly, the first posi- 
tioning means can be used to accurately position the 
programmable patterning means MA with respect to the 
path of the beam PB, e.g. during a scan. The first posi- 
tioning means may be omitted, in which case the posi- 
tion of the programmable patterning means relative to 
the beam PB will be fixed. In general, movement of the 
object tables MT, WT will be realized with the aid of a 
long-stroke module (course positioning) and a short- 
stroke module (fine positioning), which are not explicitly 
depicted in Figure 1. However, in the case of a wafer 
stepper (as opposed to a step-and-scan apparatus) the 
mask table MT may just be connected to a short stroke 
actuator, or may be fixed. 

[0028] The depicted apparatus can be used in three 
different modes: 

1 . In step mode, the mask table MT is kept essen- 
tially stationary, and an entire mask image is pro- 
jected in one go (i.e. a single "flash") onto a target 
portion C. The substrate table WT is then shifted in 
the x and/or y directions so that a different target 
portion C can be irradiated by the beam PB. 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single "flash". Instead, the mask table 
MT is movable in a given direction (the so-called 
"scan direction", e.g. the y direction) with a speed 
v, so that the projection beam PB is caused to scan 
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over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
posite direction at a speed V = Mv, in which M is the 
magnification of the lens PL (typically, M = 1/4 or 
1/5). In this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. 

3. In pulse mode, the mask table is kept essentially 
stationary and an entire image of the programmable 
patterning means is projected onto a target portion 
C of the substrate. The substrate table WT is moved 
with an essentially constant speed such that the 
projection beam PB is caused to scan a line across 
the substrate W. The pulses of the radiation system 
are timed such that successive target portions C 
that are exposed on the substrate are adjacent to 
one another. Consequently, once the projection 
bean has scanned an entire line of the substrate W 
the complete pattern for that line is exposed on the 
substrate. The process is repeated until the com- 
plete substrate has been exposed line by line. 

[0029] Figure 2 depicts part of an imaging apparatus 
according to a particular embodiment of the invention. 
In this embodiment, the programmable patterning 
means MA of Figure 1 comprise a plurality N=4 of com- 
ponent patterning means PM1, PM2, PM3, PM4. In ad- 
dition, the beam PB is directed towards the patterning 
means MA by 4 mirror blocks, which serve to divide the 
incident projection beam PBj into component projection 
beams PB1 , PB2, PB3, PB4. These component projec- 
tion beams PB1 , PB2, PB3 : PB4 are then reflected from, 
and patterned by, their respective component patterning 
means PM1, PM2, PM3, PM4. As here depicted, each 
component projection beam PB1 , PB2, PB3, PB4 pass- 
es through its own variable attenuator VA1 , VA2, VA3, 
VA4, resulting in individual intensities 11 , 12, 13, 14 in the 
four component projection beams; the relative values of 
11-14 can then be chosen according to will. 
[0030] Alternatively, one may omit (at least some of) 
the variable attenuators VA1 -VA4 and simply accept the 
intrinsic values of 11-14 resulting from the nature of the 
beam splitting means BS. 

[0031] After being patterned, the component projec- 
tion beams PB1 , PB3, PB3, PB4 are reflected back to 
their respective mirror blocks, which serve to combine 
the component projection beams into a single, compos- 
ite, emergent projection beam PB e . The mirror blocks 
therefore serve the function of combining means CM. 
Alternatively, the component projection beams PB1, 
PB2, PB3, PB4 may be independently projected onto 
the target portion of the substrate. 
[0032] It will be appreciated that the required variation 
in l 1s l 2 , l 3 ...i n can be achieved in different ways. The 
radiation system may comprise a different radiation 
source (such as a laser or lamp) for each component 
patterning means: l n can then be varied by varying the 
output power of each radiation source, or by employing 



a variable attenuator between each radiation source 
and its corresponding component patterning means, for 
example. 

[0033] Depending inter alia on the relative values of 
5 11-14, various degrees of grayscaling can be achieved 
in the emergent projection beam PB e , which passes on 
to the projection system PL and, ultimately, the sub- 
strate W. The principle of this grayscaling will next be 
elucidated. 

10 [0034] Figure 3 schematically depicts the grayscaling 
principles employed in the current invention, on the ba- 
sis of a highly simplified pattern P. As shown in the left 
part of the Figure, the pattern P comprises 12 pixel po- 
sitions, each of which is labeled with an ordinal 1-12. 

15 The various pixel positions have different "tints", as fol- 
lows: 

pixel positions 1 and 6 are "black" (B); 
pixel positions 4, 7 and 10 are "dark gray" (DG); 
20 - pixel positions 5 and 8 are "medium gray" (MG); 
pixel positions 3 and 9 are "light gray" (LG); 
positions 2, 11 and 12 are "white" (W). 

[0035] The lower part of the Figure shows how the 
25 current invention can be employed to achieve the gray- 
scaling effects (i.e. the intermediate tints DG, MG and 
LG) in the pattern. To this end, the Figure shows the four 
component patterning means PM1 -PM4 of Figure 2, to- 
gether with the proposed pixel configurations which, 
30 when combined, will achieve the pattern P. Since each 
of the component patterning means is of a binary type, 
its individual pixels can be either "on" (1) or "off" (0), re- 
spectively meaning that they either pass light to the sub- 
strate or block it. In this respect the following is noted: 

35 

Pixel positions 1 and 6 are "off" in all four component 
patterning means. These positions will therefore be 
"black" in the resulting pattern P, as desired. 
Pixel positions 2,11 and 1 2 are "on" in all four com- 

40 ponent patterning means. These positions will 
therefore receive maximum intensity I ("white") in 
the resulting pattern P, as desired. 
Pixel positions 3 and 9 are "on" in component pat- 
terning means PM1 -PM3, but "off" in component 

45 patterning means PM4. These positions in the pat- 
tern P therefore receive intensities I1-I-I2-I-I3, but not 
14. They will therefore be relatively bright, but will 
not be "white". In this manner, a "light gray" tint is 
achieved, as desired. 

50 - pixel positions 5 and 8 are "on" in patterning means 
PM1 and PM3, but "off 1 in patterning means PM2 
and PM4. These positions in the pattern P therefore 
receive intensity 11+13, but not 12+14. They will 
therefore be less bright than the case in the previ- 

55 ous paragraph. In this manner, a "medium gray" tint 
is achieved, as desired. 

Pixel positions 4, 7 and 9 are "on" in patterning 
means PM3 and PM4, but "off' in patterning means 
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PM1 and PM2. these positions in the pattern P 
therefore receive intensity I3+I4, but not 11+12. They 
will therefore be less bright than the case in the pre- 
vious paragraph (since 11 >I2>I3>I4 in this particular 
embodiment). In this manner, a "dark gray" tint is 
achieved, as desired. 

It will be immediately obvious to the skilled artisan that 
many different (alternative) permutations of the pixel 
configurations in component patterning means 
PM1-PM4 can be employed in a similar manner to 
achieve many different gray "tints". 
[0036] By properly choosing different values for l n 
( n being 4 in the above example), it is possible to achieve 
grayscaling over a wide range of values. One can, for 
example, choose the intensities l n such that l.,:^:^:^... 
I n = \:2'A:&...2 n '' 1 . This provides the greatest number of 
grayscales attainable for a given number of component 
patterning means. Alternatively, allowing grayscaling 
"tints" even if one of the component patterning means 
falls out of operation, one might choose the intensities 
l n suchthat ^:l 2 :l 3 :t^:l 5 ... I n = 1:1 :2:3:5... 1^+ l n -v Apart 
from these examples there are, of course, many other 
possibilities. 

[0037] Figure 4 shows a detail of a means of produc- 
ing additional gray "tints" according to the invention. For 
simplicity, this Figure does not show the details of how 
the component projection beams PB1 -PB4 are gener- 
ated or directed towards their respective component 
patterning means PM1-PM4, nor does it show the optics 
employed to focus the component projection beams on- 
to the substrate W. Furthermore, it depicts the compo- 
nent patterning means PM1-PM4 as being of a trans- 
missive type; however, it should be noted that the same 
principles apply to component patterning means of a re- 
flective type. The skilled artisan will appreciate and 
grasp these points readily. 

[0038] As here depicted, the wafer table of Figure 1 
can be moved back and forth in the direction d. In this 
manner, a given target portion C on the substrate W can 
be caused to scan through each of the patterned com- 
ponent projection beams PB1-PB4 emergent from the 
component patterning means PM1-PM4. If the velocity 
v of the substrate W in the direction d is correctly 
matched to the timing/synchronization of pattern gener- 
ation in the component patterning means PM1-PM4, 
then the target portion C will, for example, be exposed 
to each of the patterns shown in the lower part of Figure 
3 during its passage through the patterned component 
projection beams PB1 -PB4. This is a serial exposure in- 
stead of the parallel exposure depicted in Figure 2. 
[0039] As an alternative to moving the substrate W 
through the beams PB1-PB4, one may, of course, also 
move the beams PB1 -PB4 and keep the substrate sta- 
tionary. 

[0040] The techniques of using multiple components 
patterning means simultaneously exposed may, of 
course be combined with the technique of using multiple 



exposures of the same patterning means to produce ad- 
ditional gray "tints". In this case, the pattern on a target 
portion of the substrate is the result of two or more suc- 
cessive exposures of two or more component patterning 
5 means that are simultaneously projected onto the target 
portion of the substrate. The intensities and the pattern 
can be different for each component patterning means 
and for each exposure. 

[0041] It is also possible to use only a single program- 
me mable patterning means to repeatedly expose the target 
portion C, changing the illumination level and the pattern 
between each exposure. 

[0042] Whilst specific embodiments of the invention 
have been described above, it will be appreciated that 
15 the invention may be practiced otherwise than as de- 
scribed. The description is not intended to limit the in- 
vention. 



20 claims 

1. A lithographic projection apparatus comprising: 

a radiation system for providing a first projec- 
ts tion beam of radiation; 

first programmable patterning means for pat- 
terning the first projection beam according to a 
first desired pattern; 

a substrate table for holding a substrate; 
30 - a projection system for projecting the first pat- 
terned projection beam onto a target portion of 
the substrate, 

characterized in that said apparatus further com- 
35 prises second programmable patterning means for 
patterning a second projection beam provided by 
the radiation system according to a second desired 
pattern; 

said projection system projects the second 
40 patterned projection beam onto said target portion 
of the substrate; and 

the intensities of the first and second pat- 
terned projection beams are different. 

45 2. A lithographic projection apparatus according to 
claim 1 , wherein the patterns for each programma- 
ble patterning means may be different such that a 
sub-area within the target portion may be exposed 
by any one of: the first projection beam; the second 

so projection beam; neither projection beam; and both 

projection beams. 

3. A lithographic projection apparatus according to 
claim 1 or 2, wherein the radiation system compris- 
55 es a beam splitter configured to provide the first and 
second projection beams, such that said first and 
second projection beams have different intensities. 
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4. A lithographic projection apparatus according to wherein said first and second patterned projection 

claim 1 , 2 or 3, wherein a variable attenuator is pro- beams have different intensities, 

vided to adjust the intensity of at least one of said 
first and second projection beams and said first and 
second patterned projection beams. 5 



5. A lithographic projection apparatus according to 
any one of the preceding claims, wherein the radi- 
ation system comprises first and second radiation 
sources, the intensities of which can be independ- 10 
ently set, that provide said first and second projec- 
tion beams, respectively. 



6. A lithographic projection apparatus according to 
any one of the preceding claims, wherein the first is 
and second patterned projection beams are com- 
bined into a single patterned projection beam that 

is projected onto the target portion of the substrate 
by the projection system. 

20 

7. A lithographic projection apparatus according to 
any one of claims 1 to 5, wherein the first and sec- 
ond patterned projection beams are independently 
projected onto the target portion of the substrate. 

25 

8. A lithographic projection apparatus according to 
any one of the preceding claims, wherein the appa- 
ratus is adapted to project at least a second expo- 
sure patterned by at least one of said programma- 
ble patterning means onto said target portion of the 30 
substrate. 



9. A device manufacturing method comprising the 
steps of: 

35 

providing a substrate that is at least partially 
covered by a layer of radiation sensitive mate- 
rial; 

providing a first projection beam of radiation us- 
ing a radiation system; 40 
using first programmable patterning means to 
endow the first projection beam with a first pat- 
tern in its cross-section; 
projecting the first patterned projection beam of 
radiation onto a target portion of the layer of ra- 45 
diation-sensitive material, 



characterized by 



providing a second projection beam of radia- so 
tion; 

providing second programmable patterning 
means to endow the second projection beam 
with a second pattern in its cross-section; and 
projecting the second patterned projection 55 
beam of radiation onto said target portion of the 
layer of radiation sensitive material; 
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